We found high correlations when the values for immunoglobulins G, A, and M, obtained .20 g/liter for IgA, and 0.19 to 2.76 g/liter for 1gM, and were also from Meloy (product no. D702).
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We found high correlations when the values for immunoglobulins G, A, and M, obtained from the analysis of a group of 50 or more human sera by a measured-time radial 
Radial immunodiffusion
(RID) is the technique commonly used for measuring human serum immunoglobulins. The antigen-containing sample is placed in a small circular well in an agarose plate containing antibody specific for the immunoglobulin being assayed. There is a relationship between certain dimensions of the visible antigen-antibody precipitin ring formed by diffusion and the antigen concentration in the sample. Various procedures and plotting methods have been used and evaluated in the literature (1) (2) (3) .
Other techniques such as electroimmunoassay (4) (5) (6) , immunoelectrophoresis (7) , and nephelometry (8) (9) (10) (11) ) have also been reported and compared with radial immunodiffusion.
With the introduction of new methods in which fluorescently labeled class-specific antibodies are used, it has become of interest to compare these immunofluorescent techniques with RID. We have assayed 50 or more human serum samples for immunoglobulins G, A, and M by measured-time RID and by two commercial immunofluorecent methods. The results have been correlated by linear regression analysis. and printed the sample immunoglobulin concentration based on this curve. The standard curves may be constructed manually by plotting the logarithms of the concentrations against their corresponding fluorescent signal units. The sample concentrations are then determined by drawing a best-fit curve through the points and reading from this curve. All sera and calibrators were run singly except for the precision runs.
Materials and Methods
RID
Immuno-Fluor
The test kits from Bio-Rad Laboratories, Richmond, Calif. 94804, were used for the Immuno-Fluor Assay. Each kit contained pH 7.5 buffer concentrate; a lyophilized Immunobead reagent consisting of rabbit anti-human antibody preparation specific for IgG, IgA, or 1gM covalently bonded to derivatized polyacrylamide beads to form an immunoadsorbent; a lyophilized FITC-conjugated rabbit anti-human antibody specific for IgG, IgA, or 1gM; and a lyophilized gamma-globulin standard prepared from human serum, which when diluted gave concentration ranges of from 4.94-34.30 g/liter for IgG, 0.57-3.93 g/liter for IgA, and 0.46-3.16 g/liter for 1gM when compared to the WHO International Reference Preparation.
The Biorad Immuno-Fluor assay kit instructions were followed with the addition of a second pellet wash. In this procedure the diluted samples were added to an excess of derivatized polyacrylamide beads to which antibody specific to the human immunoglobulins being determined had been coupled. The immunoglobulin in the samples was bound to the solid-phase immunoadsorbent during the course of a 1.5-h incubation at 37 #{176}C. Fluorescently labeled monospecific antiserum was then added to the mixture, which was incubated at 37#{176}C for another hour as the fluorescent antiserum combined with the bound antigen. Two milliliters of buffer was added to the mixtures and the tubes were centrifuged at 8000 rpm for 10 mm. The supernates were decanted and the pellets washed twice with 3 ml of buffer to remove all unreacted materials. Care was taken not to disturb the pellets during decantation, and the rims of the tubes were blotted with absorbent paper. After the final centrifugation, 2 ml of buffer were added to each tube and each tube was vortex-mixed.
The fluorescence in the suspension was read in a Baird-Atomic Fluorospec Spectro-photometer, Model SF-i, with excitation at 493 nm and fluorescence at 519 nm. The sample holder was modified to receive the 12 x 75 mm glass disposable test tubes in which the reactions were carried out. The standard concentration values stated by the suppliers were used in all determinations.
Precision
To determine within-run precision, we did 10 replicate analyses of each serum. The between-run precision was found by analyzing each serum 10 times on different days. Precision was calculated for three sera in three different concentration ranges of IgG, IgA, and 1gM. In the Fiax precision experiments, the sera were re-diluted for each analysis.
Specimens
All serum samples were obtained from the hospital clinical laboratory. One drop of 1 mol/liter sodium azide was added to each 3-ml specimen and all samples were storedat4#{176}C.
Computations
A Hewlett-Packard Model 9830A Calculator and 9862A Calculator Plotter were used for the statistical computations and for the data plotting.
Results
Standard Curves
In the RID technique, straight lines were obtained when the logarithms of the concentrations of the Meloy reference standards for IgG and IgA were plotted vs. the diameters of their precipitin rings measured at 17 h. 1gM standards produced a curved plot, the shape of which was defined by running a series of 13 concentrations of 1gM made from dilutions of the 1gM Meloy Reference Preparation agreed fairly well with those claimed by the supplier, while we found the 1gM values to be lower (Table 1) . When analyzed by comparison with the WHO standard with use of the Fiax method, the Fiax calibrators gave agreement close to the quoted values, except for the calibrators in the lowest range of IgA and 1gM, where we found the method to be less precise ( Table 2 ). The Immuno-Fluor standard was run by RID against a WHO standard curve. Rather than the expected value for IgG of 5.76 g/liter, we found by this method 6.22 g/liter; instead of the expected value for IgA of 0.66 g/liter we found 0.94 g/ liter; and instead of the expected value for 1gM of 0.53 g/liter, we found 0.67 g/liter.
Precision
The precision data forthe threemethods are given in Table 3 . The within-run coefficients of variation (CV) for RID ranged from 1.0 and 7.396 and the between-run CV for RID ranged from 4.2 to 8.3%. The Fiax method gave within-run CV from 1.6 to 7.3% and between-run CV from 4.8 to 12.6%. The CV for the Immuno-Fluor procedure ranged from 2.9 to 10.1% for the within-run and from 5.3 to 17.6% for the between-run determinations. The results using the Immuno-Fluor assay correlated well with those from RID for IgA and for 1gM, with respective r values of 0.980 and 0.964. The correlation for the IgG comparison was lower, 0.856 ( Figure 5 ). The IgG values were about the same for the RID and ImmunoFluor methods, but the latter gave significantly higher values for IgA (P < .001) and significantly lower values for 1gM (P < .001) than did RID by a paired t-test of the data. When regression analysis was performed on the data, omitting values above 4.00 g/liter for IgA and above 3.00 g/liter for 1gM, the correlation coefficients remained high (0.948 and 0.961) and the slopes improved (0.855 and 0.713, respectively).
The values for IgA and 1gM were still significantly different P < .001.
The correlation coefficients resulting from the comparisons of the serum IgG, IgA, and 1gM concentrations The F values for the significance of the regressions ranged from 132 to 1936. Since F values greater than 4 are significant for these data sets (13) , all regressions in this study showed high significance.
Analysis Time
In our laboratory the analysis of a run of 20 samples for IgG, IgA, and 1gM by the Meloy measured-time technique required approximately 3 h of technician time and 17 h of incubation time, a total of 20 h before the immunoglobulin concentrations were known. The Fiax fluorometric method required 4 to 5 h of technician time to determine the IgG, IgA, and 1gM concentrations for a similar size run if the time involved in the incubation sequences was included as working time. At least 7 to 8 h of technician time was needed for the same three analyses on a set of 20 samples with the Immuno-Fluor system, again making efficient use of all incubation time.
Discussion
All three methods were found to have acceptable and in most cases nearly equal precision. The Immuno-Fluor technique for IgG and the Fiax analyses in the low immunoglobulin concentration ranges were, however, in our hands less precise than radial immunodiffusion. Our RID precision data gave coefficients of variation lower than those stated in the Meloy instruction booklet and than the 10% methodologic variability reported by Fahey and McKelvey (1) IgG, 2.5% for IgA, and 4.5% for 1gM found by Cejka et al. (14) . With the Fiax system we obtained better within-runprecisionthan the supplierclaimed,although our between-run data were not as precise. Higher between-run CV values for IgG and 1gM and lower CV values for IgA were found when our Immuno-Fluor precision datawere compared to that of the manufacturer.
The within-run RID precision compared favorablytothe end-pointtechniquedata reportedby Kalff (15) , while our between-run RID coefficients of variation were lower for IgG and slightly higher for IgA and 1gM than the 8.5% for IgG, 5.8% for IgA, and 4.4% for 1gM also obtained by Kalff (15) with the end-point method.
RID required less technician time but more total time than the other methods compared, a time delay of at least 17 h being necessary before the results are known. Immunoglobulin concentrations were evaluated during the course of one working day by both the Fiax and the Immuno-Fluor methods, although we consider the latter method to be sotime consuming,owing tolongperiods of incubation and centrifugation, as to eliminate it as a practical routine laboratory method.
In RID, both the measurement of the precipitin rings and the timing were critical to the accuracy of the method. The IgG and IgA standard curves were linear at 17 h,but as diffusion time increasedand theprecipitin rings at the low concentrations ceased enlarging, the lines curved sharply. The RID standard curve for 1gM was so steep that a slight error in ring diameter measurement or in reading from the graph caused a significant error in the result. As compared to the WHO Reference Standard, we found somewhat lower values for the 1gM standards than those claimed by the supplier, which may account in part for the higher results we obtained for serum 1gM by this method. deBruyn and Klein (16) have reported that the presence of subgroups in 1gM causes problems in the measurement by RID, which seems to invalidate the method for human 1gM quantitation.
Our RID results in this study are applicable to Meloy measured-time plates and cannot necessarily be generalized to RID as a rule.
The broader slope of the 1gM curve given by the Fiax method and the linear relationships between the immunoglobulin standardsand theirfluorescent values produced by the Immuno-Fluor technique offer distinct advantages over the Meloy measured-time RID procedure for 1gM quantitation.
Because the results are instrumentally obtained in both the Fiax and ImmunoFluor procedures, these methods are more objective and show less technician bias than RID.
The accuracy of the reference standards is most important in obtaining uniformity of immunoglobulin measurement.
Some variability has been reported in commercial serum standards by Hosty et al. (17) and also noted by Reimer and Maddison (18) in a review of problems in immunoglobulin quantitation.
The concentrations of the reference standards supplied by the manufacturers and used in this study were all determined by comparison with the WHO International Reference Standard. When compared in our laboratory, we obtained generally good agreement between these commercial standards and the WHO preparation. Some variation was found in the Meloy 1gM and ImmunoFluor IgA and 1gM standards. Calibrator variation may be responsible for differences in the values found by methods that otherwise give good correlation.
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